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[57] ABSTRACT

Herein disclosed is an ignition timing control system for
an internal combustion engine, wherein an angular sig-
nal generated at a predetermined crank position 1s used
so that the ratio of the angle, at which such a discharge
output of the triangular wave of an integrator made
operative to repeat its charging and discharging opera-
tions in a constant current as intervenes between each of
the adjacent crank positions reaches a first predeter-
mined value, is made constant relative to said angular.
signal thereby to preset a constant angle (a) and so that

~ the time period, for which such a charge output of the

triangular wave of said integrator as intervenes between
each of the adjacent crank positions reaches a second
predetermined value, is made constant relative to said
angular signal thereby to preset a constant time period
(t), whereby the timing, at which said charge output.
reaches the second predetermined value, is retarded

‘because of said constant time period in accordance with

the rise in the r.p.m. of said internal combustion engine
so that the generation timing of a trigger output is re-
tarded in accordance with the rise of the r.p.m. of said
engine thereby to attain angle retardation characteris-

tics having a constant gradient.

8 Claims, 22 Drawing Figures
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FIG. 11
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IGNITION TIMING CONTROL SYSTEM FOR
INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ignition timing
control system for controlling the ignition timing of an
internal combustion engine in accordance with the vari-
ous parameters of the engine such as the r.p.m. of the
engine.

2. Description of the Prior Art

In the system of that kind according to the prior art,
the trigger level of the signal voltage of a signal genera-
tor, which is generated in synchronism with the r.p.m.
of the engine in a manner to correspond to the ignition
timing, is detected so that the semiconductor switching
element of an ignition device is turned on and off to
generate a sparking voltage at the secondary side of an
ignition coil, whereby the ignition timing of the engine
is determined in accordance with the waveform of said
SIgnal voltage. In this way, therefore, the ignition tim-
- ing is determined in accordance with the waveform of
‘the signal voltage so that it fails to sufficiently meet the
requirement of the engine.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to
provide an improve ignition timing control system for

an internal combustion engine, wherein a first angular

signal to be generated at a first crank position and a
second angular signal to be generated at a second crank
position which is retarded from the first-named crank
position are used to determine the maximum advance
timing and the maximum retardation timing from the
first- and second-named angular signals, respectively, so
that the ratio of the angle, at which such a discharge
output of the triangular wave of an integrator made
operative to repeat its charging and discharging opera-
tions 1n a constant current as intervenes between the

second-named crank positions reaches a first predeter-
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mined value from the second-named crank position, is

made constant relative to the second-named angular
signal thereby to preset a constant angle (a) and so that
the time period, for which such a charge output of the
tritangular wave of said integrator as intervenes between
the second-named crank positions reaches a second
predetermined value, 1s made contant relative to the
second-named angular signal thereby to preset a con-
stant time period (t), whereby the timing, at which said
charge output reaches the second predetermined value,
is retarded because of said constant time period (t) in
accordance with the rise in the r.p.m. of the engine so

that the ignitton timing, which is angularly retarded

with a constant gradient from the first-named crank
position to the second-named crank position in accor-
dance with the rise in the r.p.m. of the engine, can be
attained.

Another object of the present invention is to provide
an improved 1gnition timing control system for an inter-
nal combustion engine, wherein an angular signal to be
generated at a predetermined crank position is used so
that the ratio of the angle, at which such a discharge
output of the triangular wave of an integrator made
operative to repeate its charging and discharging opera-
tions in a constant current as intervenes between each of
the adjacent crank positions reaches a first predeter-
mined value, 1s made constant relative to said angular

45

50

35

60

65

2

signal thereby to preset a constant angle () and so that
the time period, for which such a charge output of the
triangular wave of said integrator as intervenes between
each of the adjacent crank positions reaches a second
predetermined value, 1s made constant relative to said
angular signal thereby to preset a constant time period
(t) whereby the timing, at which said charge output
reaches the second predetermined value, 1s retarded

because of said constant time period in accordance with
the r.p.m. of the engme so that the generation timing of
a trigger output is retarded in accordance with the rise
in the r.p.m. of the engine thereby to. attain ignition
retardation characteristics having a constant gradient.
Still another object of the present invention is to
provide an improve ignition timing control system for
an internal combustion engine, wherein either an angu-
lar signal to be generated at a predetermined crank
position oOr a trigger output having its generation timing
retarded in accordance with the rise in the r.p.m. of the
engine is used as a signal for determining the ignition
timing so that angular retardation characteristics and
constant ignition timing characteristics subsequent to
those angular retardation characteristics are attained.
A further object of the present invention is to provide
an improved ignition timing control system for an inter-
nal combustion engine, wherein a first angular signal to
be generated at a first predetermined crank position and

a second angular signal to be generated at a second
crank position different from the first-named crank

position are used to attain angular retardation charac-
teristics having their generation timings retarded and
constant ignition timing characteristics from the first-
and second-named angular signals, respectively,
whereby the angular retardation characteristics and the
constant ignition timing characteristics can be preset
independently of each other so that the degree of free-
dom of presetting the ignition timing characteristics
required by the engine can be remarkably improved.
A further object of the present invention is to provide
an improved ignition timing control system for an inter-
nal combustion engine, wherein an angular signal to be
generated at a predetermined crank position i1s used so
that the ratio of the:angle, at which such a charge out-
put of the triangular wave of an integrator made opera-
tive to repeat its charging and discharging operations in
a constant current as intervenes between each of the
adjacent crank positions reaches a first predetermined
value, is made constant relative to said angular signal

thereby to preset a constant angle (a) and so that the

time period, for which such a discharge output of the

- triangular wave of said integrator as intervenes between

each of the adjacent crank positions reaches a second
predetermined value, 1s made constant relative to said
angular signal thereby to preset a constant time period
(t), whereby the timing, at which the discharge output
reaches the second predetermined value, is retarded
because of said constant time period in accordance with
the rise in the r.p.m. of the engine so that the generation
timing of a trigger output 1s retarded in accordance with
the rise in the r.p.m. of the engine thereby to attain
angular retardatlon characterlstlcs having a constant
gradient.

A further object of the present invention is to provide
an improved ignition timing control system for an inter-
nal combustion engine, wherein an integrator made
operative to repeat its charging and discharging opera-
tions In a constant current is made to generate charge
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and discharge voltages of triangular waves relative to
an angular signal to be generated at a predetermined
crank position of the engine such that it is reversed to 1ts
charging operation when said discharge voltage reaches
a first reference value, whereby the ratio in the dis-
charge voltage between a crank position and a subse-
quent crank position becomes constant even for the
change in the r.p.m. of the engine because of said con-
stant current thereby to generate an ignition signal at a

position in which said discharge voltage reaches the
first reference value, thus attaining the ignition timing

characteristics, in which the generation position of said
ignition signal is angular retarded with a constant gradi-
ent because the discharge time period of said discharge
voltage is constant within the r.p.m. range until the

r.p.m. of the engine reaches a predetermined value so

that the timing, at which said discharge voltage reaches
the first reference value, is retarded in accordance with
the rise in the r.p.m. of the engine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an electric circuit diagram showing one
example of the present invention;

FIG. 2 is a waveform chart illustrating the operations
of the embodiment of FIG. 1;

FIG. 3 is a characteristic curve of the ignition timing
attained by the circuit of FIG. 1;

FIG. 4 is a waveform chart for illustrating the angu-
larly retarding operations;

FIG. § is a characteristic curve showing another
ignition timing;

FIG. 6 1s a circuit diagram showing the essential
portions of other embodiments of signal coils for gener-
ating first and second angular signals (a) and (b);

FIG. 7 1s an electric circuit diagram showing another
embodiment of the present invention;

F1G. 8 is a waveform chart for illustrating the opera-
tions of the embodiment of FIG. 7;

FI1G. 9 is a characteristic curve of the ignition timing
attained by the circuit of FIG. 7;

FIG. 10 is an electric circuit diagram showing the
essential portion of a further embodiment;

FIG. 11 1s a characteristic curve of the ignition timing
attained by the circuit of FIG. 10;

FIG. 12 i1s an electric circuit diagram showing the
essential portion of a further embodiment;

FIG. 13 1s an electric circuit diagram showing a fur-
ther embodiment;

FI1G. 14 is a waveform chart for illustrating the oper-
ations of the embodiment of FIG. 13;

FI1G. 15 1s a waveform chart for illustrating the angu-
larly retarding operations of the embodiment of FIG.
13;

FIG. 16 is an electric circuit diagram showing the
essential portion of a further embodiment;

FIG. 17 is an electric circuit diagram showing the
essential portion of a further embodiment;

FIG. 18 1s an electric circuit diagram showing a fur-
ther embodiment of the present invention;

FIGS. 19 and 20 are waveform charts illustrating the
operations of the embodiment of FIG. 18;

FI1G. 21 1s a characteristic curve of the ignition timing
attained by the circuit of FIG. 18; and

FIG. 22 is a characteristic curve of a further ignition
timing,
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An excellent embodiment of an ignition timing con-
trol system for an internal combustion engine will be
described in the following with reference to FIG. 1.

In FIG. 1, reference numeral I generally indicates an
ignition device, which 1s constructed as a well known
CD ignition device in the present embodiment, as fol-
lows. Specifically, reference numeral 1 indicates the

generating coil of a not-shown magnetic generator for
generating positively and negatively alternating volt-

ages in synchronism with the revolutions of the engine.
Indicated at numerals 2 and 3 are diodes which are
operative to rectify the output of that generating coil 1.
Indicated at numeral 4 is a condenser which i1s to be
charged with the rectified output of that diode 2. Indi-
cated at numeral 5 is an ignition coil which is connected
with the discharge circuit of that condenser 4 and
which i1s composed of a primary coil Sa connected in
series with the condenser 4 and a secondary coil 5b
connected with an ignition plug 6. Indicated at numeral
7 1s a thyristor or a switching semiconductor element
which is connected with the discharge circuit of that
condenser 4 so that the charges stored 1in the condenser
4 are released to the primary coil 5S¢ upon conduction of
the thyristor 7. Generally indicated at numeral II is an
ignition timing control circuit which is constructed 1n
the following manner, featuring the present invention.
Specifically, numeral 8 indicates a signal coll, 1.e., an
angular position detector, which 1s mounted in the
aforementioned magnetic generator together with the
generating coil 1 so that it generates positive and nega-
tive angular signals in synchronism with the revolutions
of the engine. Of these, a first angular signal (a) corre-
sponds to a predetermined crank position of that engine,
i.e., the maximum angular advance position (T32) re-
quired by the engine, whereas a second angular position
(b) corresponds to such a crank position as is retarded a
predetermined angle from the generation position of the
first angular signal (a), 1.e., the maximum angular retar-
dation position (T1) required by the engine. Indicated at
numeral 9 and 13 are diodes which are operative to
rectify the full waves of the positive and negative angu-
lar signals and to separate them into the first and second
angular signals (a) and (b). Generally indicated at nu-
meral III is a kind of flip-flop circuit (which will be
shortly referred to as a first F.F. circuit), which 1s con-
structed of a thyristor 10, a register 11 and a transistor
12 such that the thyristor 10 has its gate connected with
the A terminal of the signal coil 8 and such that the
transistor 12 has its base connected with the B terminal
of the signal coil 8. Numerals 14, 15, 16 and 17 indicate
a flip-flop circuit (which will be shortly referred to as a
second F.F. circuit), a resistor, a condenser and an oper-
ational amplifier (which will be shortly referred to as an
ope-amp.), respectively, such that the resistor 15 and
the condenser 16 constitute an integrator. Numerals 18
and 19 indicate voltage comparators (which will be
shortly referred to as comparators), whereas numerals
20 and 21 indicate NOR gates. The second F.F. circuit
14 has its set terminal (S) connected with the B terminal
of the signal coil 8 and 1ts output terminal (Q) connected
through the resistor 15 with the reversed input terminal
(which will be referred to as a (—) terminal) of the
ope-amp 17. The output terminal of this ope-amp 17 1s
connected with not only the (—) terminal of the com-
parator 18 but also the (—) terminal of itself. On the
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other hand, the non-reversed input terminal (which will
be referred to as a (+) terminal) of the ope-amp 17 is
biased to a comparison voltage (V) whereas the (+)
terminal of the comparator 18 is grounded to the earth.
On the other hand, the output terminal of the compara-
tor 18 15 connected with the reset terminal (R) of the
second F.F. circuit 4. The other comparator 19 has its
(+) terminal connected with the output terminal of the
ope-amp 17 and its (—) terminal biased to a reference
voltage (V2). Both the output terminal of the compara-
tor 19 and the (B) terminal of the signal coil 8 are con-
nected with the respective input terminals of the NOR
gate 20. Both the output terminal of that NOR gate 20
and the output terminal of the first F.F. circuit III,
which-is constructed of the thyristor 10, the resistor 11

and the transistor 12, are connected with the respective.

input terminals of the other NOR gate 21, the output
terminal of which is connected with the base of a tran-
sistor 22. This transistor 22 has its collector connected
with a power source terminal (Vcc) through a resistor
23 and its emitter connected with the gate of the thy-
ristor 7 of the ignition device 1.

‘'The operations of the embodiment havmg the con-
struction thus far described will be described in detail
with reference to the operation chart shown in FIG. 2.
Indicated at letters (K), (TDC), (T)) and (T3) in FIG. 2
are the crank position of the engine, the top dead center
of the engine, the position of the maximum angular
retardation of the engine, at which the second angular
signal (b) is generated, and the position of the maximum
angular advance of the engine, at which the first angular
signal (a) 1s generated. Numerals (A) to {I) indicate the
voltage and pulse waveforms of the respective portions
shown i FIG. 1.

Let it be assumed here that the engme requires the
1gnition timing characteristics shown in FIG. 3.

First of all, the operations in case the engine is revolv-
Ing at a constant speed with such an r.p.m. as is larger
than (N3) but smaller than (N3), as shown in FIG. 3. In
a manner to correspond to the crank positions (T) and
(T7), the signal coil 8 generates such first and second
angular signals once each revolution of the engine as
have their angular widthes narrowed and steeply var-
led. If the set terminal () of the second F.F. circuit 14
1s fed with the second one (b) of those signals, the out-
put terminal (Q) of the same takes a high level. As a
result, the charges stored in advance with the shown
polarity in that condenser 16 are released in such a
current (I2) as will be expressed by the following Equa-
tion: -

High Eevel Voltage of

211d F F. CKT 14
/ Remstance of Resistor 15

— Comparison Voitage (V1)

— -
iy

W)

- As 1s expressed in the above Equation, that discharge
current (Iy) remains constant even with the variation in
the r.p.m. of the engine if the high level voltage of the
second F.F. circuit 14, the resistance of the resistor 15

and the comparison voltage (Vi) are constant. When
the condenser 16 1s discharged in the discharge current
(I2), the output voltage (D) of the ope-amp (17) is lin-
early lowered with a constant gradient independently of
the r.p.m., as shown at letter (D) in FIG. 2, until it takes
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a level lower than the potential at the (+) terminal of 65

the comparator 18. Then, a positive pulse voltage is
generated at the output of the comparator 18 and is fed
to the reset terminal (R) of the second F.F. circuit 14 so

6
that the circuit 14 is reversed to have a low level at its
output terminal (Q). =
When that second F.F. circuit 14 takes the low level
at its output terminal (Q), the condenser 16 is again
charged in the shown polarity with such a current (I1)
as will be expressed by the followmg Equation:

Comparison Voltage (V1)'
! = ~ReSistance of Resistor 15
As is expressed in the above Equation, that charge
current (I;) remains constant even with the variation in
the r.p.m. of the engine if the resistance of the resistor 15
and the comparison voltage (Vi) are constant. As a
result, the charge voltage of the condenser 16, 1.e., the
output voltage (D) of the ope-amp 17 linearly rises with
a constant gradient independently of the r.p.m., as
shown at letter (D) in FIG. 2. Thus, the output voltage
(D) of the ope-amp 17 becomes that having a triangular
wave as descends from the generation position (T)) of
the second angular signal (b) but again ascends when
the output voltage (D) reaches the predetermined voit-
age at the (+) terminal of the comparator 18. The out-
put voltage (D) thus far described is fed to the (4+)
terminal of the comparator 19 and is compared with the
reference voltage (V3) at the (—) terminal of the com-.
parator 19 so that this comparator generates an output
signal (E) at a high level during a time period for which
the output voltage (D) of the ope-amp 17 is higher than
the reference voltage (V3). The other NOR gate 20 has
its first gate fed with the output signal (E) of the com-
parator 19 and its second gate fed with the second angu-
lar signal (b) of the signal coil 8 so.that its output takes
a low level during the time period, for which the output
signal (E) of the comparator 19 is at the high level,
independently of the second angular signal (b) of the
signal coil (8), as indicated by letter (F) in FIG. 2. On
the other hand, the operations of the first F.F. circuit
II1, which is constructed of the thyristor 10, the resistor
11 and the transistor 12, will be described in the foliow-
ing. The first angular signal (a) of the signal coil 8 s fed
to the gate of the thyristor 10 thereby to render the
thyristor 10 conductive so that the anode terminal of the
thyristor 10 is reversed from the high level based upon
the power source voltage (Vcce) to the low level.
On the other hand, the second angular signal (b) of
the signal coil 8 is fed to the base of the transistor 12 so
that this transistor 12 is rendered conductive during the
generation time period of the second angular signal (b).
Since the anode current of the thyristor 19 is by-passed
by that transistor 12, the thyristor 10 loses its self-main-
taining action and is reversed to its inconductive condi-
tion. This comes from the difference in the operating
characteristics between the thyristor 10 and the transis-
tor 12. Since the transistor 12 becomes inconductive if
the second angular signal (b) becomes substantially
zero, an output signal at a connection between the col-
lector of the transistor 12 and the anode of the thyristor
10, 1.e., of the first F.F. circuit I1I is reversed from the
low level to the high level. These operations will be
described in more detail with reference to FIG. 2. The
output signal (G) of the first F.F. circuit III is reversed
from the high level to the low level at the generation
position (T'2) of the first angular signal (a) and is again
reversed from the low level to the high level when the
second angular signal (b) reaches substantially zero at
the generation position (T1) of the second angular signal
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(b). When the NOR gate 21 has its first gate fed with the
output signal (F) of the aforementioned NOR gate 20
and its second gate fed with the output signal (G) of the
first F.F. circuit IIl, its output signal (H) i1s reversed
from the low level to the high level, as indicated at
numeral (H) in FIG. 2, when the output signal (F) of the

NOR gate 20 breaks from the high level from the low
level but from the high level to the low level when the
output signal (G) of the first F.F. circuit III rises from

the low level to the high level. When the output signal
(H) of that NOR gate 21 is reversed from the low level
to the high level, the transistor 22 1s rendered conduc-
tive so that its emitter voltage (I) takes the high level, as
indicated at letter (I) in FIG. 2, during the high level
period of the output signal (H) of the NOR gate 21. As
a result, the thyristor 7 has its gate fed with the trigger
voltage and is rendered conductive to release the
charges of the condenser 4 to the primary coil 5a of the
ignition coil 5 so that a high voltage is induced at the
secondary coil 5§b of the ignition coil 5 thereby to make
the ignition plug 6 spark.

From the description thus far made, it will be under-
stood that the instant when the output voltage (D) of
the ope-amp 17 reaches the reference voltage (V3) of
the comparator 19 between the crank positions (T1) and
(T7) within the range, in which the r.p.m. of the engine
is higher than (N2) but lower than (N3), as shown 1n
FIG. 3, becomes the ignition timing, at which the en-
gine is ignited. The operations, in which the 1gnition
timing is angularly retarded with a constant gradient as
the r.p.m. of the engine ascends from (N3) to (N3), will
be described in detail in the following with reference to
FIG. 4. FIG. 4 illustrates the triangular waveform out-
put of the output voltage (D) of the ope-amp (17) during
the time period from the crank position (T1) to the next
crank position (Tp). It has been described hereinbetore
that the instant when the output voltage (D) of the
ope-amp 17 reaches the reference voltage (V3) of the
comparator 19 becomes the ignition timing of the en-
gine. It has also been described hereinabove that the
discharge current (I2) and the charge voltage (I1) of the
condenser 16, in which the ope-amp 17 generates 1ts
output voltage (D), are constant independently of the
r.p.m. of the engine and that the descending and ascend-
ing gradients of the output voltage (D) are also. con-
stant.

Now, of numerals 51, 52, 53 and 54 appearing in FIG.
4 and indicating the output voltages (D) of the ope-amp
17, the former two 51 and 52 indicate the output volt-
ages (D) in case the r.p.m. of the engine is at a value
(Na) higher than (N3) but lower than (N3) whereas the
latter two 53 and 54 indicate the output voltages (D) in
case the r.p.m. of the engine is at a value (Nb) higher
than (Na) but lower than (N3).

Since the condenser 16 at the r.p.m. (Na) is dis-
charged in the discharge current (I2) from a crank posi-
tion (Tia) at which the second angular signal (b) 1s
generated, the output voltage (D) of the ope-amp 17
linearly descends with a constant gradient, as indicated
at 51. The second F.F. circuit 14 is reset with the posi-
tive pulse voltage of the comparator 18 at the instant
when that output voltage (D) becomes lower than the
potential at the (4 ) terminal of the comparator 18, 1.e.,
at a position which is displaced an angle (aa) from the
crank position (Tja). After that, the condenser 16 is
again charged by the charge current (I1) so that the
output voltage (D) of the ope-amp 17 linearly ascends
with a constant gradient, as indicated at 52. That output
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voltage (D) reaches the reference voltage (V2) at a
position which is displaced an angle (aa) from the posi-
tion where the second F.F. circuit 14 is reset, and this
second F.F. circuit 14 is set by the second angular signal
(b) at the next crank position (T1a) in the ascending
process of the output voltage (D) so that the condenser
16 again starts its descending operation in the discharge

current (I3).
At the r.p.m. (Nb), the condenser 16 likewise charges

and discharges, and the output voltage (D) likewise
operates to descend linearly with the constant gradient,
as indicated at 53, to ascend linearly with the constant
gradient, as indicated at 54, at a position which is dis-
placed an angle (ab) from the crank position (T1b), to
reach the reference voltage (V3) at a position which 1s
displaced therefrom an angle (‘yb), and to descend again
at the next crank position (T1b). |

Thus, during the process in which the r.p.m. of the
engine ascends from (Na) to (Nb), the period between
the crank position (T1a) and the next crank position
(Ta) is shortened to the period between the crank posi-
tion (T1b) and the next crank position (T1b).

Now, the angle between the position, in which the
output voltage (D) at the r.p.m. (Na) reaches the refer-
ence voltage (V>7), and the next crank position (T)a),
i.e., the retardation angle (Ba) is expressed by the fol-
lowing Equation if the angle of each crank position
(T1a) 1s 27

Ba=2w7—aa—ya,
wherein:
g = 2 .20 Na ta: Time
vé = 60 | Na: RPM.

On the other hand, the angle between the position, in
which the output voltage (D) at the r.p.m. (Nb) reaches
the reference voltage (V3), and the next crank position
(T'1b), i.e., the retardation angle (8b) is expressed by the
following Equation if the angle of each crank position
(T1b) 1s 27r:

Bb=2m —ab—yb,

wherein:

_rb-Nb
60

th: Time
Yo = 2m '[ng.- R.P.M.

Since the angles (aa) and (ab) appearing in the afore-
mentioned respective Equations become constant, 1n
other words, the ratio of the discharge period occupied
in one revolution (27) becomes constant, because the
charge and discharge currents (I1) and (I2) are constant
independently of the r.p.m., so that the relationship of
aa=ab holds independently of the r.p.m. On the other
hand, since the times (ta) and (tb) are constant, in other
words, the time period required for the terminal voltage
of the condenser 16 to reach the comparison voltage
(V2), because the charge current (I1) is constant inde-
pendently of the r.p.m., so that the relationship of ta=tb
holds independently of the r.p.m.

From the relationships thus far described, the retarda-
tion angle (B) is expressed by the following Equation:



| t-N | ¢ Time
F=12m—a—lm =g '[N:{R.P.M. |

LAs wﬂl be understood from the above Equation, the
retardation angle () is determined as a function of the
r.p.m. (N) by the constant angle (a) and the constant
time (t) such that it is reduced in proportion to the rise
of the r.p.m. from (Na) to (Nb). This similarly applies to
the case in which the r.p.m. ascends from (N3) to (N3).
As a result, the ignition timing is angularly retarded
with the predetermined gradient from the crank posi-
tion (T?) to the crank position (T}) as the r.p.m. ascends
from (N3) to (N3). * |

Thus, the retardatlon angle B) 1s decreased to zero
because, at the r.p.m. (N3), the pos:tlon in which the
output voltage (D) of the ope-amp 17 during the charg-
ing process of the condenser 16 reaches the reference
voltage (V3) becemes the max1mum retardatlen angle
position (T1). =~

The operations of the case in which ther. p m. is more
than (N3) will be described in the following.,

As the r.p.m. reaches N3, the retardation angle (B) is
reduced to zero. Since the output voltage (D) of the
ope-amp 17 becomes lower than the reference voltage
(V2) when ther. p.m. exceeds (N3), the output signal (E)

of the comparator 19 always takes a low level, and this
low level output signal (E) is fed to the first gate of the

NOR gate 20. On the other hand, since the second gate

of that NOR gate 20 is fed with the second angular
signal (b), the output signal (F) of the NOR gate 20
takes the low level only during a period, for which the
second angular signal (b) is at a'high level, and is fed to
the first gate of the NOR gate 21. On the other hand, the
second gate of the NOR gate 21 is fed with the output
signal (G) of the first F.F. circuit IIl, and this output
signal (G) is reversed, as has been described before,
from the high level to the low level in response to the
first angular signal (a) of the signal coil (8) and from the
low level to the high level, when the second angular
signal (b) becomes substantial zero, so that the output
signal (H) of the NOR gate (21) takes the high level
only during the period for which the second angular
signal (b) of the signal coil 8 is at the high level. When
the output signal (H) at the high level is fed to the base
of the transistor 22, this transistor 22 is rendered con-
ductive so that the thyristor 7 i1s'fed with the collector
voltage (I) at the maximum retardation angle position
(T1) and 1s rendered conductive. Thus, at the r.p.m.
more than N3, the constant ignition timing is attained at
the maximum retardation angle position (Tl) as shown
in FIG. 3. |

The operations in case the r.p.m. is higher than (N)
but lower than (IN3) will be described in the following.
Here, the fact that the retardation angle () becomes the
larger as the r.p.m. is reduced from (N3) to (N2) will be
understood from the Equation of

- N

B=27r—a—211"- 20
Therefore, if the r.p.m. is further reduced from (N>) to
(N1), the retardation angle (8) i1s gradually increased.
Thus, within a range in which the r.p.m. is higher than
(N1) but lower than (N3), the output voltage (D) of the
ope-amp (17) is higher during the period of the retarda-
tion angle (B) than the reference .voltage (V3) of the

10

Do 10
comparator 19:so:that the output signal (E) of the com-
parator 19 takes:the high level. When the output signal
(E) at the high level is fed to the first gate of the NOR
gate 20, this NOR gate 20 generates, during the period
of the retardation angle (8) independently of the signal
of the second gate, the output signal (F) at the low level,
which 1s fed to the first gate of the NOR gate 21. The
second gate of this NOR gate 21 1s fed with the output
signal (G) of the first E.E. circuit III at the low level, as
indicated at (G) in FIG. 2. As a result, the NOR gate 21

- generates, only. during the period from the maximum

advance angle position (T3), at which the first angular
signal (a) is generated, to the maximum retardation

- angle position (T), at which the second angular signal
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(b) is generated, that output signal (H) at the high level,
by which the transistor 22 is rendered conductive so
that the thyristor 7 is fed with the collector voltage (I)
at the maximum advance angle position (Tz) and Is
rendered conductive. Thus, within the range in which
the r.p.m. is higher than (N]) but lower than (Nz), the
constant 1gnition tlmlng is attained at the. maximum

“advance angle position (T2), as shown In FIG. 3.

The operations of the case in which the r.p.m. is less

._-than (N) will be described in the following. With the

r;p.m. being lower than (Ny), the retardation angle (B)1s
larger than the angle between the respective positions
(T1) and (T2), as shown in FIG. 3, similarly to the case,
in which the r.p.m. is lower than (N2), so that the output
signal (F) of the NOR gate 20 is at the low level during
the period of the retardation angle (8), and this output
signal (F) at the low level is fed to the first gate of the
NOR gate 21. Here, the thyristor 10 of the first F.F.
circuit III has its trigger level so preset that it is not
turned on by the first angular signal (a) of the signal coil
(8) so long as the r.p.m. is lower than (N1). On the other
hand, the transistor 12 i1s so preset that it is rendered
conductive by the second angular signal (b). This comes

from the difference in the operating characteristics be-
40 -

tween the thyristor 10 and the transistor 12. As a result,

the second F.F. circuit III generates the output signal
(G) at the low level only during the period for which it
is fed with the second angular signal (b) of the signal
coil 8. Since the output signal (G) at the low level is fed
to the second gate of the NOR gate 21, the output signal
(H) of this NOR gate 21 takes the high level only during
the generation period of the second angular signal (b) of
the signal coil 8, and the transistor 22 is rendered con-
ductive by that output signal (H) at the high level so
that the thyristor 7 is fed with the collector voltage I at
the maximum retardation angle position (T}) and is
rendered conductive. Thus, with the r.p.m. being lower
than (N), the constant ignition timing is attained at the
maximum retardation angle position (T;) shown in FIG.
- As has been detailed hereinbefore, according to the
embodiment of the present invention, both the first
angular signal (a) and the second angular signal (b),
which are synchronous with the revolutions of the en-
gine and which correspond to the maximum advance
angle position (T7) and the maximum retardation angle
position (Tp), respectively, are used so that the maxi-
mum retardation angle position (T;) generated by the
second angular signal (b) is used as the ignition timing
within the range in which the r.p.m. is lower than (Nj),
so that the maximum advance angle position (1) gener-

ated by the first angular signal (a) is used as the ignition

timing within the range in which the r.p.m. is higher
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than (N1) but is lower than (N3), so that the angle, at
which the output voltage (D) of the ope-amp 17 reaches
the predetermined voltage of the comparator 18 from
the maximum the retardation angle position (T1), 1s
preset at the constant angle (a) whereas the time period,
for which the output voltage (D) reaches the reference
voltage (V3), is preset at the constant time period (t)
within the range in which the r.p.m. i1s higher than (N3)
but lower than (N3), whereby the ignition timing is
angularly retarded with the constant gradient from the
maximum advance angle position (T7) to the maximum
retardation angle position (T;) in accordance with the
rise in the r.p.m., and so that the maximum retardation
angle position (T1) is used as the ignition timing within
the range in which the r.p.m. is more than (N3),
whereby the ignition timing characteristics shown in
FI1G. 3 are attained.

Incidentally, the present invention should not be
limited to the embodiment thus far described but can
include a variety of embodying modes. For example,
the maximum advance angle position (T2) and the maxi-
mum retardation angle position (Tj) can be suitably
preset if the generating timings of the first and second
angular signals (a) and (b) are altered. Moreover, the
gradient of the retardation angle with respect to the
r.p.m. (N) can be suitably preset if the constant angle (a)
and the constant time period (t) are vaird by adjusting
either the charge currents (1) and (I2) of the condenser
16 or the reference voltage (V3). Still moreover, 1if the
trigger level of the thyristor 11 of the first F.F. circuit
III is lowered, even when the r.p.m. is lower than (N)),
so that the thyristor 11 is rendered conductive by the
first angular signal (a), the ignition timing characteris-
tics establishing the maximum advance angle position
(T,) even for the r.p.m. lower than (N1) can be attained,
as shown in FIG. §. Furthermore, although the first and
second angular signals (a) and (b) have make use of the
alternating positive and negative outputs of the single
signal coil 8, but they can be generated by the use of
signal coils 84 and 856 which are made independently of
each other.

Turning now to FIG. 7 showing another embodiment
of the present invention, reference numeral 8 indicates
the signal coil acting as an angular position detector,
which is mounted in the aforementioned magnetic gen-
erator together with the generating coil 1, so that it
generates the alternating positive and negative outputs
in synchronism with the revolutions of the engine. Of
those outputs, the output in the direction (b), i.e., the
angular signal (b) corresponds to the predetermined
crank position of that engine, 1.e., the maximum retarda-
tion angle position (T1) required by the engine. Indi-
cated at numerals 24 and 235 are diodes which are opera-
tive to rectify the alternating positive and negative
outputs of the signal coil 8 and which are connected
with the gate of the thyristor 7 and the set terminal (S)
of the flip-flop circuit (which will be shortly referred to
as the F.F. circuit) 14, respectively.

Numerals 26 and 27 indicate a condenser and a diode,
respectively, both of which constitute a pulse rise de-
tecting detecting circuit IV.

This pulse rise detecting circuit (IV) is connected
from the output terminal of the comparator 19 through
the condenser 26 with the gate of the thyristor 7, and
the diode 27 has 1ts cathode connected with the gate of
the thyristor 7 and its anode grounded to the earth.
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The operations of the embodiment having the con-
struction thus far described will be described with refer-
ence to FIG. 8. |

First of all, the operations in case the engine 1s revolv-
ing at a constant speed with an r.p.m. lower than (N2),
as shown in FIG. 9, will be described in the following.
Similarly to the embodiment shown in FIG. 1, the out-
put signal (E) at the high level is generated in the com-
parator 11 and 1s differentiated by the pulse rise detect-
ing circuit IV thereby to generate the waveforms indi-
cated at (I) in FIQG. 8.

Specifically, the condenser 26 is charged in the
shown polarity by the rise output signal (E) of the com-
parator 19 so that the this charge current generates the
first tirgger voltage (which is indicated at V1) of the
thyristor 7 at the position, as is indicated at (M) in FIG.
8. The charges stored in the condenser 26 are released
through the diode 27 in response to the low level of the
comparator 19 so that the preparation is made for the
subsequent operations. A second trigger voltage (V 12)
at the (T1) position indicated at (I) in FIG. 8 is the signal
voltage, at which the angular signal (b) of the signal coil
8 is fed through the diode 24 to the gate of the thyristor
7, but the first trigger voltage (V1) indicated at (1) in
FIG. 8 is generated, in case the r.p.m. of the engine is
lower than (IN2), at the position (M) which is advanced
a predetermined angle from the position wherein the
second trigger voltage (V) is generated.

Thus, the thyristor 7 has its gate fed with the first
trigger voltage (V1) by the comparator 19 earlier than
the second trigger voltage (V) by the signal coil 8 so
that the thyristor 7 is rendered conductive at the posi-
tion (M) to release the charges to the primary coil Sa of
the ignition coil 5 out of the condenser 4, whereby a
high voltage is induced at the secondary coil 5b of the
ignition coil 5 to make the ignition plug 6 spark. As a
result, even if the second trigger voltage (V) is fed at
the position (T) to the thyristor 7, the condenser 4 has
no charge stored to constitute no contribution to the
spark. From the foregoing description, it will be under-
stood that the instant, at which the output voltage (D)
of the ope-amp 17 reaches the reference voltage (V3) of
the comparator 19, is used as the ignition timing thereby
to effect the ignition of the engine within the range in
which the r.p.m. of the engine is lower than (N3) shown
in FIG. 9.

The operations, in which the ignition timing is angu-
larly retarded with a constant gradient in accordance
with the rise of the r.p.m. of the engine from zero to
(N2), will be described in the following. From the rela-
tionship of FIG. 4 illustrating the operations of the
embodiment of FIG. 4, the retardation angle (83) is ex-
pressed by the following Equation:

! Y

S ——-

B =27 —a— 2w 20

[:: Time
{ N:R.P.M.

As will be understood from the above Equation, the
retardation angle (8) 1s determined as a function of the
r.p.m. (N) by the constant angle (a) and the constant
time (t) so that it 1s reduced in proportion to the rise in
the r.p.m. from (Na) to (Nb). As a result, the generation
timing of the output of the pulse rise detecting circuit
[V, 1e., the generation timing of the first trigger voltage

(V1) ts retarded in accordance with the rise in the
r.p.m. This can similarly apply to the case, in which the



4,398,516

13

r.p.m. ascends from zero to (N7) so that the ignition
timing has 1ts retardation angle (8) retarded with a
predetermined gradient from (27 —a) degrees to the
zero degree in accordance with the rise in the r.p.m.
from the zero to (N3). | . .

Thus, the retardation angle L) 1s reduced to Zero so
-that the position, at which the output voltage (D) of the

ope-amp 17 in the charging process of the condenser 16

reaches the reference voltage (V;) becomes the maxi-
mum retardation angle position.(T1) when the r.p.m.
reaches (N3), until it becomes zero. As a result, the first
trigger voltage (V) is generated at the maximum re-
tardation angle position (T1) so that the ignition timing
takes place at the (T1) position. g

- The operations. in. case the r.p.m. is more than (Nz)
w1ll be described in the following. :
~ Since the retardatlon angle (8) becomes Zero, as has
been described in the above, in case the r.p.m. is more
than (N2) and since the output voltage (D) of the ope-
amp-17 becomes lower than the reference voltage (V3)
when the r.p.m. becomes more than (N3), the output
signal (E) of the comparator 19 always takes a low level
so that no output, 1.e., none of the first trigger voltage
(V1) 1s generated in the pulse rise detecting circuit IV.

As a result, since the gate of the thyrlstor 7 1s fed with
the second trigger voltage (V.12) of the signal coil that is
generated at the maximum retardation angle position
(T1), the ignition timing becomes constant at the maxi-
‘mum :retardation angle position (Tp) for the case in
which the r.p.m. of the engine is more than (N3).

--As has been described in detail hereinbefore; accord-

ing to the embodiment of the present invention, the
=angu]er signal (b) synchronizing with the revolutions of
‘the engine and correSpondlng to the maximum retarda-
tion- angle position (T)‘is used so that the angle at
‘which the output voltage (D) of the ope-amp 17 reaches
the predetermined value from the maximum retardation
angle position (T;) is.preset at the constant ‘angle (o)
‘within the range in which the r.p:m. is lower than (N3)
whereas the time period for which the output voltage
(D) reaches the reference voltage (V) from the afore-
mentioned predetermined value 1s preset at the constant
time period,(t) thereby :to attain the ignition timing
-which 1s-angularly retarded: with the constant gradient

from the maximum: advance angle position (27 —a) to-

the maximum retardation angle position (T7)-1n accor-
.dance with the rise in the r.p.m. and so that the maxi-
mum retardation angle position (T}) is used as the igni-
tion timing within the range, in which the r.p.m. 1s
higher than.(N3), whereby the ignition timing charac-
teristics shown in. FI1G. 9 can be attained. ~

Turning now to FIG. 10 showing another embodi-

ment of the present invention, the first angular signal
{b), as indicated at.a solid line, of the alternating positive
and negative outputs which are generated in the signal
coil 8a corresponds to the maximum retardation angle
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the F.F. circuit:14 whereas the second angular signal (a)
1s fed to the gate of the thyristor 7.
Now, let 1t be assumed that the ignition tlmmg char-—

“acteristics fo the engine are those shown in FIG. 11

similarly. to the foregoing -embodiment. It is similar to
the foregoing embodiment that the angular retardation

characteristics having the constant gradient can be at-

tained by the first angular signal (b) generated at the
first crank position (T1). Now, when the r.p.m. of the
engine reaches (N»), both the second angular signal (a)
generated at the second crank position (T3) and the
trigger violtage (V1) based upon the first angular sig-
nal (b) are fed to the gate of the thyristor 7 so that this
thyrnistor 7 1s rendered conductive. And, when the
r.p.m. exceeds (N2), the generation timing of the second
angular signal (a) goes ahead of the generation timing of
the trigger voltage (V71) so that the thyristor 7 has its
gate fed with the second angular signal (a) and 1s ren-
dered conductive. Since the generating timing of that
second angular signal (a) is constant independently of
the r.p.m., the ignition timing takes place the second
crank position (13), ie, substantlally the max1mum
retardation angle position. |

~ Thus, if the first angular signal (b) for attammg the

‘angular retardation characteristics and the second angu-

lar signal (a) for attaining the maximum constant retar-
dation angle positton are respectwely used the angular
retardation characteristics and the maximum retarda-
tion angle position can be preset independently of each
other so that the degree of freedom for presetting the

“ignition timing characteristics can be improved' More-

over, since the one wave of the sxgnal coil 8a is used, the
production can be made w1th0ut mcreasmg the number

'of parts. -

FIG. 12 shown another embodiment, -in Wthh the
signal coils 86 and 8¢ made independent of each other

~ are used as the signal:coils for .generating the first and
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position (T1), 1.e., the first crank position, whereas the

second angular signal (a), as indicated at a broken line,
corresponds to the second crank position (T2) which 1s
slightly advanced from the maximum retardation angle
posttion (Ty). That second crank position (T3) substan-

tlally becomes the maximum retardation angle position

60

that 1s reqmred by-the engine. Those first and second

angular signals (a) and (b) are prepared by rectifying the
full waveforms of.the: a]ternatmg positive-and.negative

outputs of the signal coil & by means;of the diodes 9,

13, 24 and 25 s0 that the first angular signal (b) 1s fed to

63

second angular signals (b) and (a). In this embodiment,
it is possible-to adjust the generation timings of the first
and second angular signals (b) and (a) w1th remarkable
ease. - | -

According to the present invention, 1nc1dental]y, the
ignition timing characteristics, in which the angular
retardation takes place with the constant gradient from
the maximum advance angle (27— a) to the zero ad-
vance angle, can be attamed if the maximum retardatron

angle position (Tl) is made to approaeh the top dead

center of the engine. Moreover, it is possible to preset
the maximum advance angle (27 —a) at a desired value
by adjusting the constant angle (a) and to desrrably

preset the gradient of the retardation angle

As has been described hereinbefore, according to the
present embodiment, ﬁrstly, the angular srgnal to be
generated at the predetermlned crank position 1s used so
that the ratio of the angle, at which such a discharge
output of the triangular wave of an integrator made
operative to repeat its charging and discharging opera-
tions in the constant current as intervenes between each
of the adjacent crank positions reaches the first prede-
termined value, is made constant relative to said angular
signal thereby to preset the constant angle (a) and so
that the time period; for which such a charge output of
the triangular wave of said integrator as intervenes
between each of the adjacent-crank positions reaches
the second predetermined value, 15 made constant rela-
tive to said angular signal thereby to preset the constant
time period (t), whereby the; timing, at which said
charge output reaches the second predetermined value,
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ts retarded because of said constant time period in ac-
cordance with the r.p.m. of the engine so that the gener-
ation timing of the trigger output is retarded in accor-
dance with the rise in the r.p.m. of the engine thereby to
attain the ignition retardatmn characteristics having the
constant gradient. |

Secondly, etther the angular signal to be generated at
the predetermined crank position or the grigger output
having its generation timing retarded in accordance
with the rise in the r.p.m. of the engine is used as the
signal for determining the ignition timing so that the
angular retardation characteristics and the constant
ignition timing characteristics subsequent to those angu-
lar retardation characteristics are attained. '

Thirdly, the first angular signal to be generated at the
first predetermined crank position and the second angu-
lar signal to be generated at the second crank position
different from the first-named crank position are used to
attain the angular retardation characteristics having
their generation timings retarded and the constant igni-
tion timing characteristics from the first- and second-
named angular signals, respectively, whereby the angu-
lar retardation characteristics and the constant ignition
timing characteristics can be preset independently of
each other so that the degree of freedom of presetting
the ignition timing characteristics required by the en-
gine can be remarkably improved.

On the other hand, a further embodiment is s shown i in
FIG. 13. The F.F. circuit 14 has its output terminal (Q)
connected through the resistor 15 with the reversed
input terminal (which will be referred to as the (—)
terminal) of the ope-amp 17. The output terminal of this
ope-amp 17 i1s connected with the non-reversed input
terminal (which will be referred to as the (4 ) terminal)
of the comparator 15 and with the (—) terminal of the
same through the condenser 16. On the other hand, the
ope-amp 17 has its one terminal biased to the reference
voltage (V)), whereas the comparator 18 has its (—)
terminal biased to the reference voltage (V3). The other
comparator 19 has its (—) terminal connected with the
output terminal of the ape-amp 17 and its (+) terminal
biased to a reference voltage (V). |

The operations of the embodiment having the con-

struction thus far described will be described in detail
with reference to the operation chart shown in FIG. 14.
Indicated at letters (K), (TDC) and (T'1) in FIG. 14 are
the crank position of the engine, the top dead center of
the engine, and the predetermined crank position or the
maximum angular retardation of the engine, at which
the angular signal (b) is generated. Numerals (B) to (I)
indicate the voltage and pulse waveforms of the respec-
tive portions shown in FIG. 13.

Let it be assumed here that the engine requires the
ignition timing characteristics shown in FIG. 9.

First of all, the operations in case the engine is revolv-
ing at a constant speed with such an r.p.m. as is smaller
than (IN>), as shown in FIG. 9. In a manner to corre-
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spond to the crank position (T'1), the signal coil 8 gener- g

ates such an angular signal (b) once each revolution of
the engine as has its angular width narrowed and
steeply varied. If the set terminal (S) of the F.F. circuit
14 is fed through the diode 25 with the angular signal

(b), the output terminal (Q) of the same takes a low 65

level. As a result, that condenser 16 is charged in such
a current (Iz) as wﬂ] be e:xpressed by the following

Equation:

16

- Reference Voltage (Vi)
~ Resistance of Resistor 15

[y ==

As 1s expressed by the above Equation, that charge
current (I2) remains constant even with the variation in
the r.p.m. of the engine if the resistance of the resistor 15
and the reference voltage (V) are constant. When the
condenser 16 is charged in that charge current (I3), the
output voltage (D) of the ope-amp 17 linearly ascends
with a constant gradient independently of the r.p.m., as
indicated at (D) in FIG. 14. When that output voltage
(D) exceeds the reference voltage (V3) at the (—) termi-
nal of the comparator 18, a positive pulse voltage is
generated at the output of the comparator 18. When the
F.F. circuit 14 has its reset terminal (R) fed with that

~positive pulse voltage, it is reversed so that its output

terminal (Q) takes a high level.

In response to the high level at the output terminal
(Q) of that F.F. circuit 14, the charges are released from
the condenser 16 in such a current (I;) as will be ex-
pressed by the following Equation:

~ High Level VDItage'
of FF. CKT 14
Resistance of Resistor 15

— Reference Voltage (V1)

TP
Hl—

F§|

As is expressed in the above Equation, that discharge
current (I7) remains constant even with the variation in
the r.p.m. of the engine if the high level volage of the
F.F. circuit 14, the resistance of the resistor 15 and the
reference voltage (V1) are constant. As a result, the
discharge voltage of the condenser 16, i.e., the output
voltage (D) of the ope-amp 17 linearly descends with a
constant gradient independently of the r.p.m., as shown
at letter (D) 1n FIG. 14. Thus, the output voltage (D) of
the ope-amp 17 becomes that having a triangular wave
as ascends from the maximum retardation angle position
(T'1) at which the angular signal (b) is generated but
again descends when the output voltage (D) reaches the
predetermined voltage at the (—) terminal of the com-
parator 18. The output voltage (D) thus far described is
fed to the (—) terminal of the comparator 19 and is
compared with the reference voltage (V3) at the (+)

terminal of the comparator 19 so that this comparator
generates an output signal (E) at a high level during a
time period for which the output voltage (D) of the
ope-amp 17 is lower than the reference voltage (V2).

The output signal (E) at the high level is generated in
the comparator 19 and is differentiated by the pulse rise
detecting circuit IV thereby to generate the waveforms
indicated at (V1) of (I) in FIG. 14.

Thus, the thyristor 7 has its gate fed with the first
trigger voltage (V1) by the comparator 19 earlier than
the second trigger voltage (V 72) by the signal coil 8 so
that the thyristor 7 is rendered conductive at the posi-
tion (M).

I“-rom the foregoing description, it will be understood
that the instant, at which the output voltage (D) of the
ope-amp 17 reaches the reference voltage (V2) of the
comparator 19, is used as the i1gnition timing thereby to
effect the ignition of the engine within the range in
which the r.p.m. of the engine 1s lower than (N2) shown
in FIG. 9.

‘The operations, in which tha ignition tlmmg 1S angu-

larly retarded with a constant gradient in accordance
with the rise of the r.p.m. of the engine from zero to
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(N2), will be described in the followmg with reference
to FIG. 15.

Since the condenser 16 at the r. p.m. (Na) is charged in
the charge current (I) similarly to FIG. 4 from the
crank position (Tja) at which the angular signal (b) 1s
generated, the output voltage (D) of the ope-amp 17
linearly descends with a constant gradient, as indicated
at 51. The F.F. circuit 14 is reset with the positive pulse
voltage of the comparator 18 at the instant when the
output voltage (D) reaches the reference voltage (V3) at
the (—) terminal of the comparator 18, i.¢., at the posi-
tion which is displaced the angle (aa) from the crank
position (Tia). After that, the condenser 16 is again
discharged by the discharge current (I1) so that the
output voltage (D) of the ope-amp 17 linearly descends
with a constant gradient, as indicated at 52. That output
voltage 52 reaches the reference voltage (V3) at a posi-
“tion which is displaced the angle (7ya) from the position
where the F.F. circuit 14 is reset, and this F.F. circuit 14
is set by the angular signal (b) at the next crank position
(Ta) in the descending process of the output voltage
(D) so that the condenser 16 again starts its charging

operation in the charge current (I2). |

At the r.p.m. (Np), the condenser 16 likewise charges
and discharges, and the output voltage (D) likewise
operates to ascend linearly with the constant gradient,
as indicated at 53, to descend linearly with the constant
gradient, as indicated at 54, at a position which 1s dis-
placed the angle (ab) from the crank position (T1b), to
reach the reference voltage (V3) at a position which 1s
displaced therefrom an angle (yb), and to ascend again
at the next crank position (T1b). .

Thus, during the process in which the r.p.m. of the
engine ascends from (Na) to (Nb), the period between
the crank position (T1a) and the next crank position
(T1a) is shortened to the period between the crank posi-
tion (T1a) and the next crank position (Tib).

Now, the angle between the position, in which the
output voltage (D) at the r.p.m. (Na) reaches the refer-
ence voltage (V3), and the next crank position (T;a),
i.e., the retardation angle (Ba) is expressed by the fol-
lowing Equation if the angle of each crank position

(Tha) 1s 27
Ba=2n —-*Clﬂ—-_j.lﬁ,

wherein:

ta - Na
60

g = D . ta: Time
ya = o | Na: RPM.

On the other hand, the angle between the position, in
which the output voltage (D) at the r.p.m. (Nb) reaches
the reference voltage (V3), and the next crank position
(T1b), i.e., the retardation angle (8b) 1s expressed by the
followmg Equation if the angle of each crank position
(I'1b) 1s 2

Bb=2m—ab—vyb,

wherein:

b Nb

b o= Jar th: Time
Yo = 1 Nb: RP.M.

S A

Since the angles (aa) and (ab) appearing the afore-
mentioned respective Equations ‘become constant, in
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other words, the ratio of the discharge period occupied

~ In one ‘revolution (27) becomes constant, because the
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discharge and charge currents (I) and (I;) are constant

independently of the r.p.m., so that the relationship of
aa=ab holds independently of the r.p.m. On the other
hand, since the times (ta) and (tb) are constant, in other
words, the time period required for the terminal voltage
of the condenser 16 to reach the comparison voltage
(V3) of the comparator 19 from the reference voltage
(V3) of the comparator 18, because the discharge cur-
rent (I;) is constant independently of the r.p.m., so that
the relationship of ta=tb holds independently of the
r.p.m.

From the relatlonshlps thus far described, the retarda-
tion angle (8) is expressed by the following Equation:

B:zf.-r.—a-zar_-_"ﬁoN

¢ Time
' N:_R.’_P.M.
‘As will be understood from the above Equation, the

retardation angle (B) is determmed as a function of the

r.p.m. (N) by the constant angle (a) and the constant
time (t) so that it is reduced in proportion to the rise in
the r.p.m. from (Na) to (Nb). As a result, the generation

- timing of the output of the pulse rise detecting circuit
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IV, i.e., the generation timing of the first trigger voltage
(V1) is retarded in accordance with the rise in the
r.p.m. This can similarly apply to the case, in which the

r.p.m. ascends from zero to (N3) so that ignition timing

has its retardation angle () retarded with a predeter-
mined gradient from (27 —a) degrees to the zerpo de-
gree in accordance with the rise in the r.p.m. from the
zero to (N2).

~ Thus, the retardatlon angle (8) 1s reduced to zero so
that the position, at which the output voltage (D) of the
ope-amp 17 in the charging process of the condenser 16
reaches the reference voltage (V») of the comparator 19
from the reference voltage (V1) of the comparator 18
bcomes the maximum retardation angle position (T)
when the r.p.m. reaches (N2), until it becomes zero. As
a result, the first trigger voltage (V1) is generated at the
maximum retardation angle position (Tj) so that the
ignition timing takes place at the (T1) position.

The operations in case the r.p.m. is more than (Nz)
will be described in the following.

Since the retardation angle (8) becomes zero, as has
been described in the above, in case the r.p.m. 1s more
than (N7) and since the output voltage (D) of the ope--
amp 17 becomes higher than the reference voltage (V)
of the comparator 19 when the r.p.m. becomes more
than (N3), the ouiput signal (E) of the comparator 19
always takes a low level so that no output, i.e., none of
the first trigger voltage (V1) is generated in the pulse

rise detecting circuit IV.
As a result, since the gate of the thyristor 7 is fed with

- the first trigger voltage (V) of the signal coil that is
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generated at the maximum retardation angle position
(T'1), the ignition timing becomes constant at the maxi-
mum retardation angle position (T) for the case in -
which the r.p.m. of the engine is more than (N3). |

As has been described in detail hereinbefore, accord-
ing to the embodiment of the present invention, the
angular signal (b) synchronizing with the revolution of
the engine and corresponding to the maximum retarda-
tion angle position (T1) is used so that the angle at
which the output voltage (D) of the ope-amp 17 reaches



4,398,516

19

the predetermined value from the maximum retardation
angle position (T)) is preset at the constant angle (a)
within the range in which the r.p.m. is lower than (N7)
whereas the time period fro which the output voltage
(D) reaches the reference voltage (V3) from the afore-
mentioned predetermined value 1s preset at the constant
time period (t) thereby to attain the ignition timing
which is angularly retarded with the constant gradient
from the maximum advance angle position 27 —a) to
the maximum retardation angle position (T)) in accor-
dance with the rise in the r.p.m. and so that the maxi-
mum retardation angle position (1) is used as the 1gni-
tion timing within the range, in which the r.p.m. 1s
 higher than (N3), whereby the ignition timing charac-
teristics shown 1n FIG. 9 can be attained.

As has been described hereinbefore, according to the
present invention shown in FIGS. 13, 16 and 17, firstly,
the angular signal to be generated at the predetermined
crank position is used so that the ratio of the angle, at
which such a discharge output of the triangular wave of
the intergrator made operative to repeat its charging
and discharging operations in the constant current as
intervenes between each of the adjacent crank positions
reaches the first predetermined value, 1s made constant
relative to said angular signal thereby to preset the
constant angle (a) and so that the time period, for which
such a charge output of the triangular wave of said
integrator as intervenes between each of the adhacent
crank positions reaches the second predetermined
value, is made constant relative to said angular signal
thereby to preset the constnat time period (t), whereby
the timing, at which said charge output reaches the
second predetermined value, is retarded because of said
constant time period in accordance with the r.p.m. of
the engine so that the generation timing of the trigger
output is retarded in accordance with the rise in the
r.p.m. of the engine thereby to attain the ignition retar-
dation characteristics having the constant gradient.

Turning now to FIG. 18, there 1s shown a further
embodiment of the present invention. The F.F. circuit
14 has its set terminal (S) connected with the B terminal
of the signal coil 8 and its output terminal (Q) connected
through the resistor 15 with the reversed input terinal
‘(which will be referred to as the (—) terminal) of the
ope-amp 17. The output terminal of this ope-amp 17 1s
connected with not only the (—) terminal of the com-
parator 18 but also the (—) terminal of itself through the
condenser 16. On the other hand, the non-reversed
input terminal (which will be referred to as the (4)
terminal) of the ope-amp 17 1s biased to the reference
voltage (V1) whereas the (+) terminal of the compara-
tor 18 is grounded to the earth. -

The output terminal (Q) of the F.F. circuit 14 is con-
nected through the condenser 26 with the gate of the
thyristor 7 of the 1ignition device I. Indicated at numeral
27 is the diode which 1s connected between the gate of
the thyristor 7 and the earth. Those condenser 26 and
diode 27 constitute together the pulse rise detecting
circuit I'V.

The operations of the embodiment having the con-
struction thus far described will be detailed with refer-
ence to the operation chart shown in FIG. 19. The
charge voltage of the condenser 16, ie., the output
voltage (D) of the ope-amp 17 linearly ascends with a
constant gradient independently of the r.p.m., as indi-
cated at (D) in FIG. 19. The output voltage (D) of the
ope-amp 17 1s saturated at the power source voltage
(Vce) when i1t reaches this value while it 1s ascending.
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Thus, the output voltage (D) of the ope-amp 17 be-
comes the output of such a triangular wave as to de-
scend from the generation position (T) of the angular
signal (a) and to ascend again when it reaches the volt-
age at the (+4) terminal of the comparator 18. This

“triangular wave i1s so preset that it 1s saturated at the

power source voltage (Vcc) during the ascending oper-
ation when the r.p.m. of the engine is lower than Nj.

By the operations thus far described, the output ter-
minal (Q) of the F.F. circuit 14 has its level reversed
from low to high at the crank position (T) at which the
angular signal (a) 1s generated, as indicated at (C) 1n
FIG. 19, so that it maintains the high level only during
the discharge period of the discharge current (I2) of the
condenser 16. At the time when the output voltage (D)
of the ope-amp 17 reaches the voltage at the () termi-
nal of the comparator 18, the output terminal (Q) of the
F.F. circuit 14 1s reversed from the high level to the low
level by the positive pulse voltage of the comparator 18
so that it 1s prepared for the set signal by the subsequent
angular signal (a). The reversed output (Q) of that out-
put (Q) of that F.F. circuit 14 1s reversed from the low
level to the high level, when the output voltage (D) of
the ope-amp 17 reaches the voltage at the (+) terminal
of the comparator 18, and this rise signal (J) charges the
condenser 26 with the shown polarity so that the trigger
voltage (I) of the thyristor 7 1s generated, at the position
(M) of FIG. 19, by that charge current. The charges
stored in the condenser 26 are released through the
diode 27, because the output terminal (Q) of the F.F.
circuit 14 1s at the low level, thereby to prepare the
subsequent operations.

As has been described hereinbefore, the thyristor 7
receives the trigger voltage (I) at the position (M),
which is retarded from the postion (T) for the genera-
tion of the angular signal (a), so that it is rendered con-
ductive to release the charges from the condenser 4 to
the primary coil Sa of the ignition coil 5. As a result, a
high voltage is induced at the secondary coil 56 of the
same thereby to make the ignition plug 6 spark.

From the foregoing description, it can be understood
that the instant when the output voltage (ID) of the
ope-amp 17 reaches the voltage at the (+) terminal of
the comparator 18 within the range in which the r.p.m.
of the engine i1s lower than (IN1), shown in FIG. 21,

thereby to effect the ignition of the engine.

The operations, in which the ignition timing 1s angu-
larly retarded with the constant gradient in accordance
with the rise in the r.p.m. of the engine from zero to
(N1), will be described in detail in the following with
reference to FIG. 19.

Here, it has also been described that the instant when
the output voltage (D) of the ope-amp 17 reaches the
voltage at the (+) terminal of the comparator 18 be-
comes the ignition timing. The discharge and charge
currents (I) and (I1) of the condenser (16), which con-
stitutes the integrator together with the ope-amp 17,
take constant values irrespective of the r.p.m. of the
engine, and the ascending and descending gradients of
the output voltage (D) of the ope-amp 17 also take
constant values, as has been described hereinbefore.

Now, let it be assumed that the interval between the
crank position (T1) and the next crank position (T), as
shown in FIG. 19, i1s the time width at such an r.p.m. Na
as 1s higher than zero but lower than (Nj). Since, at this
r.p.m. Na, the condenser 16 discharges in the discharge
current (I2) from the crank position (T)) at which the
angular signal (a) 1s generated, the output voltage (D) of
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the ope-amp 17 linearly descends with the constant
gradient, as indicated at 51. ‘At the-instant when that
output voltage (D) becomes lower than the voltage at
the (+) terminal of the comparator 18, in other words,
at the position which 1s displaced the angle (a) from the
crank position (T1), the F.F. circuit 14 is reset by the
positive pulse voltage of the comparator 18 so that the
~output terminal (Q) of the F.F. circuit 14 takes the low

level. Then, the condenser 16 is charged again with the
charge current (1)) so that the output voltage (D) of the
ope-amp 17 linearly ascends with the constant gradient,
as indicated at 52. That output voltage (D) reaches the
power source voltage (Vcc) at the position which is
displaced the angle 6 from the position wherein the F.F.
circuit 14 has been reset, so that it is subsequently satu-
rated at the voltage (Vcc). When the F.F. circuit 14 is
set at the next crank position (T1) by the angular signal
(a) so that the output terminal (Q) takes the high level,
the condenser 16 starts again its dlseharglng 0perat10n
in the discharge current (I3).

Here, if the angle of the output voltage (D) descend-
ing at the r.p.m. Na between the crank position (T'1) and
the position (M) in which the voltage (D) reaches the
voltage at the (+4) terminal of the comparator 18, i.e.,
the retardation angle (a) is expressed by the following
Equation in case the angle between each of the adjacent
crank posifions (T])
t-Na -

60

a = 2.

‘wherein: letter t denotes the tlme and letters Na denote
the r.p.m. |

Since the time (t) appearing in the above Equation
takes the constant value (t), which is required for the
output voltage (D) to reach the voltage at the (4 ) ter-
minal of the comparator 18 because the dischage cur-
rent (I2) and the power source voltage (Vce) are con-
‘stant irrespective of the r.p.m., that time (t) becomes
constant irrespective of the r.p.m.

As will be understood from the above Equation,
 therefore, the retardation angle (a) is determined as a
function of the r.p.m. (N) by the constant time (t) so that
it is increased in proportion to the rise in the r.p.m. from
the zero to (N;). As a result, the 1gn1t10n timing is angu-
larly retarded in accordance with the rise in the r.p.m.
from the zero to (N). Thus, w:thln the range in which
the r.p.m. is higher than the zero but lower than (N1),
the angular retardation takes place with the predeter-
mined gradient from the crank position (T1) at which
the angular signal (a) is generated to the (M) position.
That retardation angle (a) is gradually increased to the
value 27 in proportion to the r.p.m. When the r.p.m.
reaches (IN1), the position, at which the output voltage
(D) -of the ope-amp 17 in the charging process of the
‘condenser 16 reaches the power source voltage (Vcc),
becomes the:next crank position (T) so that the satura-
tion of the output voltage (D) is eliminated.

- The operatitons in case the r.p.m. of the engine is
more than (N) will'be described with reference to FIG.
20. When the r.p.m. ascends to {(N1), the timing at which
the ascending outpui voltage (D) of the ope-amp 17
reaches the power source voltage (Vcc) becomes coin-
cident with the next crank position (Tt) at which the
-angular signal (a) is generated. As a result, the output
voltage (D) will descend simuitaneously as it reaches
the power source voltage (Vee). When the r.p.m. fur-
ther ascends to a higher level than (Nj), the output
voltage (D) of the ope-amp 17 cannot exceed the power
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source voltage (Vcc) so'that the saturation is eliminated.

As a result, since the condenser 16 repeats its charging
-and discharging operations in the constant charge and

discharge currents (I1) and (I2) irrespective of the r.p.m.

of the engine, the output voltage (D) of the ope-amp 17
repeats, as indicated at (D) in'FIG. 20, such operations
as to descend with the constant gradient from the crank
position (T1), to ascend again with the constant gradi-
ent, when it reaches the voltage at the (+) terminal of
the comparator 18, and to descend again with the con-
stant gradient at the next crank position (T2). Thus,
since the charge and discharge currents (I;) and (I2) of
the condenser (16) are constant, the gradient of the
output voltage (D) of the ope-amp 17 becomes constant,

and the ratio of the retardation angle (a) occupied in
one revolution relative to the angle between each of the
adjacent crank positions (T}), as indicated at (D) in
FIG. 20, becomes constant. For the r.p.m. higher than

“(N1), consequently, the output voltage (D) descends so

that the timing, at which the output voltage (D) having

descended reaches the voltage at the (4 ) terminal of the
comparator 18, becomes constant at the crank position
(T7) 1ndependently of the r.p.m. At this crank position
(Ty), the trigger voltage (I) is established so that the

constant 1gn1t10n timing shown in FIG 21 can be at-

tained.

As has been described in detall herembefore accord-

'_11ng to the embodiment of the present invention, the

angular signal (a), which synchronizes with the r.p.m.

~of the engine and which corresponds to the maximum

advance angle position (T), is used so that the charge
and discharge voltages of the condenser 16 which is
made operative to repeate its discharging and charging
operations in the constant charge and discharge. cur-

rents (I2) and (Iy), i.e., the discharge and charge outputs

of the output voltage (D) of the ope-amp 17 are attained
with respect to the angular signal (a), so that the dis-
charge output 51 is reversed to the charge output 52,
when 1t reaches the voltage at the (+) terminal of the

- comparator 18, whereby the angular ratio of the dis-

charge output occupied in one revolution becomes con-
stant because the charge and discharge currents of that
condenser 16 are constant, and so that the retardation
angle (a) until the discharge output 51 reaches the volt-
age at the (+) terminal of the comparator 18 becomes

constant with reference to that angular signal (a),

~ whereby the ignition timing at which the position (T2)
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retarded from the maximum advance angle position
(T1) becomes the maximum retardation angle position
i.e., constant can be attained. Within the range in which
the r.p.m. is lower than (Nj), since the power source
voltage (Vcc) and the voltage at the (4 ) terminal of the

- comparator 18 are finite whereas the time period of the

discharge output 51 is fixed, the timing at which the
discharge output 51 reaches the voltage at the () ter-
minal of the comparator 18 1s retarded in accordance
with the rise in the r.p.m. and.angularly with the con-
stant gradient from the crank position (T;) to the maxi-
mum retardation angle position (T3) so that the 1gnition
timing characteristics shown in FIG. 21 can be attained.

Incidentally, the present invention should not be
limited to the embodiments thus far described but can
contain a variety of embodying modes. .. =

For example, another signal coil, whlch is operative
to generate the angular signal at.any crank position {T3)

~ between the maximum advance angle position (T3} and

the maximum retardation angle position (T3) is pro-
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vided so that this angular. signal is used as the trigger
signal to render the thyristor 7 conductive thereby to
make it possible to attain the ignition timing characteris-
tics shown i FI1G. 22.

As has been described hereinbefore, according to the
present invention, the first angular signal to be gener-
ated at the first crank position and the second angular
signal to be generated at the second crank position

which is retarded from the first-named crank position

are used to determine the maximum advance timing and
the maximum retardation timing from the first- and
second-named angular signals, respectivley, so that the
ratio of the angle, at which such a discharge output of
the triangular wave of the integrator made operative to
repeat its charging and discharging operatitons in the
constant current as intervenes between the second-
named crank positions reaches the first predetermined
value from the second-named crank position, is made
constant relative to the second-named angular signal
thereby to preset the constant angle (a) and so that the
time period, for which such a chafge output of the tran-
gular wave of said integrator as intervenes between the
second-named crank positions reaches the second pre-
determined value, is made constant relative to the se-
cond-named angular signal thereby to preset the con-
stant time period (t), whereby the timing, at which said
charge output reaches the second predetermined value,
is retarded because of said constant time period (t) in
accordance with the rise in the r.p.m. of the engine so
that the ignition timing, which is angularly retarded
with the constant gradient from the first-named crank
position to the second-named crank position in accor-
dance with the rise in the r.p.m. of the engine, can be
attained. | o
What is claimed 1s: |
1. An ignition timing control system for an internal
combustion engine comprising:
angular signal generating means for generating first
and second angular signals in synchronism with the
revolutions of the engine at respective first and
second crank positions which said seciond crank
position is retarded from said first crank position;
integrator means whose input is connected to said
generating means for receiving said second angular
signal and for initiating the discharge mode of said
integrator with a constant current and wherein
when the output of said integrator in said discharg-
ing mode reaches a first predetermined value said
integrator operates in a charging mode with a con-
stant current in order to generate alternate charge
and discharge outputs to form a triangular wave
form output; |
first circuit means for generating an output when said
charge output reaches a second predetermined
value;
second circuit means connected to the output of said
generating means for receiving said first and second
angular signals wherein said second circuit means gen-
erates an output between said first and second crank
positions;
logic means whose input is connected to the output of
said first and second circuit means respectively and
whose output provides an ignition timing signal.
2. An ignition timing control system as set forth in
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amplifier, and a resistor connected with the charging
and discharging circuit of said condenser, said
condneser being made to receptive of the second-named

“angular signal for starting its discharging operation in a

constant current through said resistor and for being
charged in a constant current through said resistor
when the first-named predetermined value is reached.

3. An ignition timing control system as set forth in
claim 1 or 2, wherein the first-named circuit means
includes a voltage comparator having its non-reversed

input terminal fed with the charge and discharge out-
puts of said integrator and its reversed input terminal
fed with a reference voltage at the second-named prede-
termined value for generating an output during a time
period for which said charge output exceeds said refer-
ence voltage. |

4. An ignition timing control system as set forth In
any of claims 1, 2 or 3, wherein said second-named
circuit means includes a thyristor and a transistor hav-
ing their anodes and collectors connected, said thyristor
being adapted to be conductive in response to the first-
named angular signal, said transistor being adapted to
be conductive in response to the second-named angular
signal.

5. An ignition timing control system as set forth in
claim 4, wherein said thyristor maintains its inconduc-
tive condition whereas only said transistor i1s rendered
conductive when the r.p.m. of the engine is low.

6. An ignition timing control system as set forth in
claim 1, wherein said angular signal generating means

“includes signal coils mounted on a magnetic generator

which is driven by the engine.
7. An ignition timing control system for an internal
combustion engine comprising: :

angular signal generating means synchronous with

~ the revolutions of the engine for generating first
and second angular signals at a respective first
predetermined crank position and a second crank

- position different from said first crank position;

integrator means connected to the output of said
generating means for receiving said second angular
signal whereby said integrator operates in a dis-
charging mode with a constant current and
whereby when the output of said integrator in a
discharging mode reaches a first predetermined
value said integrator operates in a charging mode
in order to generate charge and discharge outputs
so that a triangular wave is output from said inte-
grator means; |

circuit means for generating a trigger output when -
the output of said integrator in said charge mode
reaches a second predetermined value; and

retarding means for delaying the time at which said
integrator output in a charge mode reaches said
second predetermined value until said first crank
position in accordance with the rise in the rpm of
the engine so that an ignition timing signal i1s pro-
duced from one of the trigger output delayed as a
result of said retarding means and said second an-
gular signal.

8. An ignition timing control system as set forth in

claim 7, wherein the angular signal generating means

includes a unitary signal coil for generating alternating

claim 1, wherein said integrator includes an operational 65 positive and negative outputs having their full waves

amplifier, a condenser connected between the reversed
input terminal and output terminal of said operational

rectified.
x * ¥ * o
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